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SOLAR CELL AND METHOD FOR MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to solar cells and methods for 

manufacturing the same. 

2. Description of the Related Art 

Thin jBlm solar ceUs in which a compound semiconductor thin film 
10 made of Group lb elements, Group Illb elements, and Group VIb elements 
(chalcopyrite compound semiconductor thin film) is used as the light 
absorption layer have been reported. For example, CuInSe2 (hereiaafter, 
also referred to as "CIS") or Cu(ln,Ga)Se2 in which Ga is dissolved in CIS 
(hereinafter, also referred to as "CIGS") are examples of one type of compoimd 
15 semiconductor. Thin film solar cells employing CIS or CIGS as the Light 
absorption layer (hereinafter, also referred to as "CIS solar cells") are known 
to have excellent properties, such as a high energy conversion efl&ciency and 
no deterioration of the conversion efficiency due to Ught emission, for 
example. 

20 A ZnO layer was typically employed as a window layer in 

conventional high-efl&ciency CIS solar ceUs. In recent years, however, 
attention has turned to solar cells that employ a layer including Zn, Mg, and 
O (Zni xMgx'O layer) instead of a ZnO layer, so that the conduction band offset 
between the Ught absorption layer and the window layer is closer to an 

25 optimal value. Research is also being conducted on CIS solar cells in which 
a Zm xMgxO layer is adopted so as to allow the buffer layer heretofore 
employed in conventional solar cells to be omitted. Such a solar cell is 
disclosed in USP 6,259,0 16 and JP 2000-323733A, for example. 

However, when a Zm-x'MgxO layer is achieved simply by adding Mg to 

30 a ZnO layer, there were cases in which the volume resistivity of the 
Zm-xMgx'O layer became larger than the ZnO layer, lowering the overall 
electrical conductivity of the solar cell. Currently there is a need for solar 
cells to be made more efficient, and likewise, there is also a need to fiirther 
improve the efficiency of solar cells employing a Zni x'MgxO layer. 

35 In light of the foregoing situation, it is an object of the present 

invention to provide solar cells that include a layer comprising Zn, Mg, and O 
and that can be made more efficient than was the case conventionally, and 
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methods for manufacturing such solar cells. 

SUMMARY OF THE INVENTION 

A solar ceU includes a first electrode layer, a second electrode layer, a 
5 p-type semiconductor layer disposed between the fiirst electrode layer and the 
second electrode layer, and a layer A disposed between the second electrode 
layer and the p-type semiconductor layer. Here, the layer A includes Zn 
(zdnc), Mg (magnesium), O (oxygen), and at least one element M selected from 
Ca (calcium), Sr (strontium), Ba (barium), Al (aluminum), In (indium), and 
10 Ga (gaUium). The solar cell of the present invention generates 
photoelectromotive force due to hght that is incident from the second 
electrode layer side. 

Next, a method of manufacturing a solar cell of the present invention 
is a method of maniifacturing a solar cell that includes a first electrode layer, 
15 a second electrode layer, and a p-type semiconductor layer disposed between 
the first electrode layer and the second electrode layer, and that generates 
photoelectromotive force due to hght that is incident fi:om the second 
electrode layer side, the method including' 

(0 a step of forming the first electrode layer and the p-tj^e 
20 semiconductor layer on a substrate in that order; 

Gi) a step of forming a layer A so that the p-type semiconductor layer 
is sandwiched between the layer A and the first electrode layer; and 

(iii) a step of forming the second electrode layer so that the layer A is 
sandwiched between the first electrode layer and the second electrode layer. 
25 Here, the layer A is a layer that includes Zn, Mg, O, and at least one element 
M selected from Ca, Sr, Ba, Al, In, and Ga. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional diagram that sdiematically shows an 
30 example of the solar cell of the present invention. 

FIG. 2 is a cross-sectional diagram that schematically shows another 
example of the solar ceU of the present invention. 

FIG. 3A to FIG. 3D are process step diagrams that schematically 
show an example of the method for manufacturing a solar cell of the present 
35 invention. 

FIG. 4A to FIG. 4C are process step diagrams that schematically 
show another example of the method for manufacturing a solar cell of the 
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present invention. 

FIG. 5A to FIG. 5D are process step diagrams that schematically 
show yet another example of the method for manufacturing a solar ceU of the 
present invention. 

5 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention are described below with 
reference to the diagrams. In the following description, identical 
components may be assigned identical reference numerals and a duplicate 

10 description thereof may be omitted. 

First, a solar cell of the present invention is described. 
Fig. 1 shows an example of a solar cell of the present invention. A 
solar cell 1 shown in Fig 1 includes a first electrode layer 12, a second 
electrode layer 16, a p-tj^e semiconductor layer 13 disposed between the first 

15 electrode layer 12 and the second electrode layer 16, and a layer A 15 
disposed between the second electrode layer 16 and the p-type semiconductor 
layer 13. These layers are formed on a substrate 11. The layer A 15 
includes Zn, Mg, O, and at least one element M selected firom Ca, Sr, Ba, Al, 
In, and Ga. The p-type semiconductor layer 13 is the hght absorption layer, 

20 and the solar ceU 1 according to the present invention is a solar cell that 
generates a photoelectromotive force due to hght that is incident firom the 
second electrode layer 16 side. The photoelectromotive force that is 
generated can be transmitted to the outside via an electrode 17 that is 
electrically connected to the first electrode layer 12 and an electrode 18 that 

25 is electrically connected to the second electrode layer 16. 

With such a solar cell, the volume resistivity of the layer A 15 can be 
made smaller than that of a conventional Zm x'MgxO layer. This allows the 
overall electric conductivity of the solar ceU to be increased, allowing high 
efi&ciency to be achieved, that is, allowing the energy conversion ef&ciency to 

30 be increased. It should by noted that x' in the conventional Zni x'MgxO layer 
is for example a numerical value satisfying the expression 0.03 < x' < 0.3. 

With the solar cell 1 shown in FIG. 1, the first electrode layer 12, the 
p-type semiconductor layer 13, the layer A 15, and the second electrode layer 
16 are disposed on the substrate 11, but in the solar ceU of the present 

35 invention the substrate 11 is not absolutely necessary. It is only necessary 
that the second electrode layer 16, the layer A 15, the p-t5^e semiconductor 
layer 13, and the first electrode layer 11 are included disposed in that order 
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firom the side on which hght is incident, and where necessary, the substrate 
11 can be omitted. The electrode 17 and the electrode 18, like the substrate 
11, can be omitted as necessary. It shoidd be noted that in the solar cell 1 of 
the present invention, layers can be freely disposed between the 
5 aforementioned layers where necessary. 

The layer A 15 is described next. 

The layer A 15 includes Zn, Mg, O, and at least one element M 
selected from Ca, Sr, Ba, Al, In, and Ga. There are no particular limitations 
as to the form in which the layer A 15 includes the above elements (the state 

10 of the above elements in the layer A 15). For example, the layer A 15 may 
include a compoimd that includes the elements M, Zn, Mg, and O, for 
example an oxide including the elements M, Zn, and Mg. More specifically, 
the layer A 15 can include an oxide expressed as (Zn,Mg,M)0, that is, an 
oxide in which the total atom number ratio of Zn, Mg, and the element(s) M is 

15 substantially equal to the atom number ratio of oxygen. Altematively, the 
layer A 15 can include an oxide including Zn and Mg and that has been doped 
with the elementCs) M. It shoidd be noted that in the above-mentioned 
oxides it is not always necessary that the stoichiometric ratio between oxygen 
and the elements other than oxygen is established. For example, it can also 

20 be an oxide lacking some of the oxygen. 

The layer A 15 functions as the window layer. As mentioned above, a 
ZnO layer was generally used as a window layer in conventional solar cells. 
The use of the layer A 15 instead of a ZnO layer in the solar cell of the present 
invention allows the conduction band ofiEset between the layer A 15 and the 

25 p-type semiconductor layer 13, which is the hght absorption layer, to be set to 
a more optimal value. It is thus possible to achieve a solar cell with higher 
release voltage properties. Here, if the p-tj^e semiconductor layer 13 is 
made of the above-mentioned CIS (CuInSe2) or CIGS (Cu(In,Ga)Se2), then the 
conduction band ofEset can be set to an even more optimal value. The 

30 volume resistivity of the layer A 15 can be reduced compared to that of a 
Zm-x'MgxO layer in which the conduction band offset can be optimized hke 
with the layer A 15. It is therefore possible to achieve a solar cell with which 
the energy conversion efficiency can be improved. 

It is preferable that the element M included in the layer A 15 is at 

35 least one element selected from Ca, Sr, and Ba, and it is particularly 
preferable that it is Ca. 

The layer A 15 is constituted primarily by the elements Zn, Mg, and O. 
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The element M content of the layer A 15 is 20 atom percent or less, for 
example. It is preferable that the content is 3 atom percent or less, and it is 
particularly preferable that the content is 1 atom percent or less. The 
volume resistivity of the layer A 15 can be reduced even if the element M is 
5 present only in very trace amounts. For example, the volume resistivity of 
the layer A 15 can be reduced when the element M content of the layer A 15 is 
about 0.01 atom percent or more (preferably about 0.035 atom percent or 
more). It should be noted that there are no particular lower Hmits to the 
element M content, and for example, it may be about 0.005 atom percent. 

10 Also, if the element M content of the layer A 15 is too great, then the volume 
resistivity of the layer A 15 increases, and there is a risk that the energy 
conversion efficiency of the solar cell may instead decrease. 

If the element M includes at least one element selected from Al, In, 
and Ga, then it is preferable that the content of the at least one element 

15 selected from Al, In, and Ga in the layer A 15 is not more than 3 atom 
percent. 

The ratio between the number of atoms of Zn, Mg, and O in the layer 
A 15 is preferably expressed as Zn:Mg:0 = (l-x):x:i. The value of x in the 
above expression is within a range expressed by 0.05 < x < 0.35, for example. 

20 In other words, it is preferable that the composition of the layer A 15 is 
obtained by adding the element M (for example, Ca) to an oxide material 
expressed by the composition formula Zm xMgxO (0.05 < x < 0.35). 

Having the layer A 15 include the element M allows the volume 
resistivity of the layer A 15 to be reduced. The volume resistivity of the layer 

25 A 15 is specifically within a range of not more than IxlO^^Q - cm, for example. 
Within this range, it is preferable that it is within a range of not more than 
IxlO^iQ-cm. There are no particular restrictions on the lower hmit of the 
volume resistivity of the layer A 15, and for example, it may be about 
IxlOSQ-cm. 

30 There are no particular limitations on the shape of the layer A 15, and 

it may be given any shape required by the solar cell 1. There are no 
particular limitations on the thickness of the layer A 15, and for example it 
may be in the range of 0.08 jim to 0.2 imi, and preferably it is in the range of 
0.1 pm to 0.15 pm. 

35 The other layers of the solar ceU 1 of the present invention are 

discussed below. 

There are no particular limitations regarding the material used for 
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the first electrode layer 12, as long as the material is conductive. For 
example, it can be a metal or semiconductor whose volume resistivity is 
6xl06£2-cm or less, for example. More specifically, it is possible to use Mo 
(molybdenum) as the material for the first electrode layer 12. There are no 
5 particular limitations on the shape of the first electrode layer 12, and it may 
be given any shape required by the solar cell 1. The same appHes for the 
shape of the other layers as weU. The thickness of the first electrode layer 
12 is in the range of approximately 0.1 pm to 1 p.m, for example. 

The p-type semiconductor layer 13 is a Hght absorption layer. There 

10 are no particular limitations on the material used for the p-type 
semiconductor layer 13, as long as the material is a p-type semiconductor 
that functions as a hght absorption layer. For example, it is possible to use a 
compound semiconductor in which Group lb elements, Group Illb elements, 
and Group VIb elements are the primary constitutional elements and which 

15 has a chalcopyrite structure (hereinafter, this may also be referred to as 
"Group I-III-VI compound semiconductor"). More specifically, it is possible to 
use a p-type compoimd semiconductor that has a chalcopyrite structure and 
that includes at least one element selected firom Cu (copper). In, and Ga, and 
at least one element selected from Se (selenium) and S (sulfur). Even more 

20 specifically, a compoimd semiconductor such as CuInSe2, Cu(In,Ga)Se2, or 
either of these in which some of the Se has been substituted with S, can be 
used as the p-type semiconductor layer 13. The thickness of the p type 
semiconductor layer 13 is in the range of approximately 0.4 pm to 3.5 pm, for 
example. It should be noted that the element group designations used in the 

25 present specification are based on lUPAC (l970) designations. In the 
lUPAC (1989) designations the Group lb elements correspond to Group 11, 
Group Illb elements correspond to Group 13, and Group VTb elements 
correspond to Group 16. 

The second electrode layer 16, which is on the Hght incidence side, is 

30 for example made of a conductive material that has transmissivity. Here, 
"transmissivity" can be transmissivity with respect to light of a band that is 
incident on the solar ceU 1. More specifically, it is possible to use indium-tin 
oxide dTO), ZnO, or a layered film of these materials as the second electrode 
layer 16. The thickness of the second electrode layer 16 is in the range of 

35 approximately 0. 1 p.m to 0.3 p.m, for example. 

There are no particular limitations on the material used for the 
substrate 11, as long as it is a material that is generally used in solar cells. 
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For example, it is possible to use a glass substrate, a stainless steel substrate, 
or a polyimide substrate, among others. It should be noted that if the solar 
cell of the present invention is to be integrated and the substrate is a 
conductive substrate (such as a stainless steel substrate), then it is necessary 
5 to form an insulating layer on the surface of the substrate or to perform a 
process to insulate the surface of the substrate. 

There are no particular limitations on the material of the electrodes 
17 and 18, as long as it is a material that is generally used in solar cells. For 
example, it is possible to use NiCr, Ag, Au, or Al. for example. 
10 FIG. 2 schematically shows another example of the solar cell of the 

present invention. 

The solar ceU I shown in FIG. 2 is the solar ceU 1 shown in FIG. 1 in 
which an n-ts^e semiconductor layer 14 fiirther is provided between the 
p-type semiconductor layer 13 and the layer A 15. By modifying the solar 
15 cell in this way it is possible to achieve a solar cell having a p-n homojunction. 

The material that is used for the n-type semiconductor layer 14 is for 
example a compoimd semiconductor including Zn, at least one element 
selected from Cu, In, and Ga, and at least one element selected from Se and S. 
More specifically, a semiconductor layer in which the same semiconductor 
20 layer as that of the p-type semiconductor layer 13 is further doped with Zn 
may be used as the n-type semiconductor layer 14. 

The solar cell of the present invention can be fabricated using the 
following methods for manvifacturing a solar cell of the present invention, for 
example. 

25 FIG. 3Ato FIG. 3D are process diagrams that schematically show the 

method for manufacturing a solar ceU of the present invention. 

First, the first electrode layer 12 is formed on the substrate 11 as 
shown in FIG. 3A. Then, as shown in FIG. 3B, the p-type semiconductor 
layer 13 is formed on the first electrode layer 12 (step 0). Methods that are 

30 generally used in the manufacture of solar cells can be used to form the first 
electrode layer 12 and the p-type semiconductor layer 13. The first electrode 
layer 12 can be formed through sputtering or vapor deposition, for example. 
The p-type semiconductor layer 13 can be formed using vapor deposition, and 
more specifically, it can be formed through a three-stage vapor deposition 

35 method, for example. The same apphes even if the p-type semiconductor 
layer 13 is constituted by the above-mentioned Group I-III-VI compound 
semiconductor. A spedfic example of the above-mentioned Group I-III-VI 
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compound semiconductor is a compound semiconductor that includes at least 
one element selected from Cu, In, and Ga, and at least one element selected 
from Se and S. 

Next, as shown in FIG. 3C, the layer A 15 is formed so that the p-type 
5 semiconductor layer 13 is sandwiched between the layer A 15 and the first 
electrode layer 12 (step (u)). In the example shown in FIG. 3C, the layer A 
15 is formed on the p-type semiconductor layer 13 (on a primary surface of 
the p-type semiconductor layer 13 on the side opposite its primary surface 
facing the first electrode layer 12). 

10 There are no particular limitations regarding the method for forming 

the layer A 15 as long as a layer A 15 having the composition mentioned 
above can be formed. For example, the layer A 15 can be formed using 
sputtering. Sputtering allows the composition of the target to be changed so 
as to relatively easily restrict the composition of the layer A 15 that is formed. 

15 More specifically, it is possible to use a target that includes Zn, Mg, O, and at 
least one element M selected from Ca, Sr, Ba, Al, In, and Ga. It is also 
possible to use a plurality of targets having different compositions. 
Alternatively, it is also possible to form the layer A 15 in a weakly oxidizing 
atmosphere using a target including the element M, Zn, and Mg. In this 

20 case as well, it is also possible to use a plurahty of different targets having 
different compositions. 

Next, as shown in FIG. 3D, the second electrode layer 16 is formed so 
that the layer A 15 is sandwiched between the first electrode layer 12 and the 
second electrode layer 16 (step (Lii)). In the example shown in FIG. 3D, the 

25 second electrode layer 16 is formed on the layer A 15. A method that is 
generally used in the manufacture of solar cells, such as sputtering, can be 
used to form the second electrode layer 16. 

Thus, the solar cell 1 of the present invention can be formed. It 
shoidd be noted that, as shown in FIG. 3D, it is also possible to provide the 

30 electrodes 17 and 18 if necessary. There are no particular limitations on the 
method for forming the electrodes 17 and 18, and as long as the electrodes 
can be connected electrically to the electrode layers, any general method may 
be used. It is also possible to freely dispose any layers between the various 
layers making up the solar cell if necessary. 

35 The composition, configuration, and thickness, for example, of the 

layers that are formed through the manufacturing method of the present 
invention can be the same as those of the layers in the above-mentioned solar 
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cell of the present invention. 

Another example of the method for manufacturing a solar cell 
according to the present invention is shown in FIG. 4A to FIG. 4C. 

First, as shown in FIG. 4A, the first electrode 12, the p"type 
5 semiconductor layer 13, and the layer A 15 are formed in that order on the 
substrate 11. The methods for forming these layers may be the same as 
those of the example shown in FIG. 3Ato FIG. SC. 

Next, as shown in FIG. 4B, heat 21 is applied to the layer A 15 to 
thermally process the layer A 15. That is, the manufacturing method of the 
10 present invention can include a step for thermally processing the layer A 15 
that has been formed after the above step Gi). Thermally processing the 
layer A 15 allows the volume resistivity of the layer A 15 to be further 
reduced. 

Next, as shown in FIG. 4C, the second electrode layer 16 is formed so 

15 that the layer A 15 is sandwiched between the first electrode layer 12 and the 
second electrode layer 16, and if necessary, the electrodes 17 and 18 are 
formed, thereby forming the solar ceU 1 of the present invention. 

From the standpoint of maintaining the composition of the layer A 15 
that is formed, it is preferable that thermal processing of the layer A 15 is 

20 carried out in an inert gas atmosphere. More specifically, it can be carried 
out in an atmosphere that includes nitrogen gas, a rare gas, or a combination 
of these gases. Argon gas, for example, can be used as the rare gas. The 
temperature at which thermal processing is performed can be freely set 
according to physical properties of the layer A 15 that are required, and for 

25 example can be within the range of lOO'^C to SOO^'C, and preferably is within 
the range of 150''C to 250^*0. The thermal processing time changes 
depending on the thermal processing temperature, but for example can be 
about 5 to 15 minutes. 

There are no particular limitations on the method of appl5mig heat to 

30 the layer A 15, and for example, heat can be applied by heating the substrate 
11. Further, there are no particular restrictions regarding the period diiring 
which the thermal processing is carried out, and for example, it is possible to 
execute the thermal processing after the layer A 15 has been formed but 
before the second electrode layer 16 is formed, and it is also possible to 

35 execute thermal processing after the second layer 16 has been formed or after 
the entire solar cell has been formed. 

Another example of a method for manufacturing a solar cell according 
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to the present invention is shown in FIG. 5Ato Pig. 5D. 

First, as shown in FIG. 5A, the first electrode layer 12 and the p-type 
semiconductor layer 13 are formed on the substrate 11 in that order. The 
method of forming these layers can be same as in the example shown in FIG. 
5 3AandFIG. 3B. 

Next, as shown in FIG. 5B, the n type semiconductor layer 14 is 
formed on the p-type semiconductor layer 13. That is, the manufacturing 
method of the present invention can further include, between the step (i) and 
the step Gi), a step (a) of forming an n-type semiconductor layer on the p-type 
10 semiconductor layer. It is therefore possible to form the solar ceU 1 shown in 
FIG. 2. 

A method that is generally used in the manufacture of solar ceUs, 
such as vapor deposition, can be used to form the n-type semiconductor layer 
14. Also, if the composition of the n-type semiconductor layer 14 to be 

15 formed is like the composition of the p-type semiconductor layer 13, then the 
n-type semiconductor layer 14 also can be formed by doping a portion of the 
p-type semiconductor layer 13 with another element, such as Zn. Likewise, 
it is also possible to form an additional p-type semiconductor layer on the 
P"type semiconductor layer 13 and then dope the p-type semiconductor layer 

20 that is formed with another element, such as Zn, to form the n-type 
semiconductor layer 14. The doping element can be chosen freely to 
correspond to the composition of the n-type semiconductor layer 14 that is 
necessary 

Next, as shown in FIG. 5C and FIG. 5D, the layer A 15 and the second 
25 electrode layer 16, for example, are formed so as to form a solar cell of the 
present invention that includes the n-type semiconductor layer 14, such as 
the one shown in FIG. 2. 

Working F.vamplfts 

30 The present invention is described in further detail below using 

working examples. The present invention is not limited to the following 
working examples, however. 

Working Example 1 

35 In Working Example 1, the layer A used in the solar ceU of the 

present invention was fabricated and its properties were assessed. 

First, a Zno.9Mgo.1O film (thickness- 100 nm) was formed on a silicon 
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wafer substrate through two-dimensional sputtering in which a ZnO target 
and a MgO target were used. Sputtering was carried out in an argon gas 
atmosphere (gas pressure: 2.7 Pa (2x10 2 Torr)) by applying a 200 W power 
high frequency to the ZnO target and applying a 100 W power high frequency 
5 to the MgO target. 

Using the same method, a Zno.gMgo.iCao.oooTO film (thickness^ 100 
nm) was formed as the layer A on a silicon wafer substrate through 
two-dimensional sputtering using a ZnO target and a MgO target including 1 
atom percent Ca. At this time, the argon gas pressure was 2.7 Pa(2xl0"2 

10 Torr), the high frequency power imparted to the ZnO target was 200 W, and 
the high frequency power imparted to the MgO target was 100 W. 

The volume resistivity of the films fabricated in this manner was 
measured. The volume resistivity was measured using voltage source 
current measurement (VSI^^. Measurement was carried out using a DC 

15 voltage-current source and a monitor, and in an atmosphere of with an 
appHed current range of 0.2 mV to 40 mV, a measurement temperature of 
21®C, and a relative humidity of 65d:5%. Mercury was used for the surface 
electrode and the substrate was used for the coimter electrode. The number 
of samples of each film was n=3, and the average value of these was found. 

20 The volume resistivity of the Zno.9Mgo.1O film that does not include 

Ca was approximately 7.3xl0i2Q.cm to SxlO^^Q-cm, whereas the volume 
resistivity of the layer A that does include Ca (Zno sMgo iCao ooovO film) was 
lxl0i2Q*cm. The result of this measurement of the volume resistivity 
showed that there was fluctuation among the samples of the films. In the 

25 Zno.9Mgo.1O film that does not include Ca, the average volume resistivity in 
most of the samples was approximately SxlO^^Q-cm. However, in about 
one -tenth of the samples there appeared a film whose volume resistivity was 
about IxlO^^Q.^m, so that the overall average was found to be about 
7.3X1012Q.C111. In contrast, in the layer A that includes Ca 

30 (Zno.gMgo.iCao.oooTO film), the volume resistivity of all of the samples lliat 
were produced was about lxl0i2Q-cm or a value below this. Thus, it was 
dear that by adopting the layer A, which includes Ca, the resistivity could be 
reduced compared to that of the ZnMgO film. 

Next, after each film was thermally processed, the volume resistivity 

35 was measured again. Thermal processing was carried out for ten minutes at 
200°C in a nitrogen atmosphere. 

The result was that the volume resistivity of the Zno.9Mgo.1O film 
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after thermal processing was SJxlO^^Cl^cm, exhibiting a shght increase. In 
contrast, the volume resistivity of the layer A that includes Ca was 
IxlQiiQ'cm. That is, in the layer A that includes Ca it was possible to 
further reduce the volume resistivity through thermal processing, 
5 In the present working example a case was shown in which the layer 

A included Ca, but the same results were obtained when it included Sr, Ba, Al, 
In, or Ga, for example. 

Working Example 2 

10 In Working Example 2, the solar cell shown in FIG. 2 was fabricated 

and its properties were assessed. 

First, a Mo film was formed on a glass substrate to serve as the first 
electrode layer 12. Sputtering was used to form the Mo film. Next, using 
vapor deposition, a Cu(In,Ga)Se2 film (thickness^ 2 jim) serving as the p type 

15 semiconductor layer 13 was formed on the Mo film. The temperature of the 
glass substrate was then raised to 300°C and for three minutes Zn was vapor 
deposited on the Cu(In,Ga)Se2 film. The vapor deposition of Zn resulted in 
Zn being added to a portion of the Cu(In,Ga)Se2 film about 50 nm deep firom 
the surface. The portion to which Zn was added corresponds to the n-type 

20 semiconductor layer 14. 

Next, in the same manner as in Working Example 1, a 
Zno.gMgo.iCao.oooTO film (thickness* ICQ nm) serving as the layer A 15 was 
formed on the n type semiconductor layer 14. 

Then, using sputtering, an ITO film (thickness- lOOnm), which is a 

25 transparent conductive film, was formed on the layer A 15 as the second 
electrode layer 16. The ITO film was formed in an argon gas atmosphere 
(gas pressure 1.07 Pa(8xl0 ^ Torr)) by applying a 400 W power high firequency 
to a target. Lastly, a NiCr film and an Ag film were deposited on the Mo film 
and the ITO film using electron beam vapor deposition to form the electrodes 

30 17 and 18, thereby fabricating a solar cell (sample l) such as that shown in 
FIG. 2. 

In addition to the above solar ceU, a solar cell in which a Zno.9Mgo.1O 
film (thickness- 100 nm) was provided in place of the layer A 15 was 
fabricated as a comparative example. The Zno.9Mgo.1O film was formed in 
35 the same manner as in Working Example 1. 

A pseudo-solar Ught beam of 1.5 AM (Air Mass) and 100m W/cm^ was 
irradiated onto the two types of solar cells thus fabricated, and their 
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electricity generating properties were assessed. 

With the solar cell including a Zno.9Mgo.1O film, that is, the 
comparative example, the short-circuit current was 0.91 mA/cm^, the release 
voltage was 0.125 V, the fill factor (FF) was 0.241, and the conversion 
5 efficiency was 0.027%. The current-voltage curve of the comparative 
example indicates the diode properties, and since the photoelectric current is 
substantially 0, the resulting conversion efficiency was substantially 0%. 
The solar cell of the comparative example was subjected to the same thermal 
processing as in Working Example 1 Giitrogen atmosphere, 200®C, 10 

10 minutes), and the resulting short-circuit current was 19.4 mA/cm^, the 
release voltage was 0.50 V, the fill factor was 0.181, and the conversion 
efficiency was 1.8%. 

In contrast, with the sample 1, which includes the Zno.eMgo.iCao.oooTO 
film, that is, tiie layer A, the short-circuit current was 30^4 mA/cm^, the 

15 release voltage was 0.467 V, the fill factor was 0.576, and the conversion 
efficiency was 8.2%. Thus, it was confirmed that by disposing the layer A, 
which includes Ca, the result was an improvement in the electricity 
generating properties of the solar cell. 

Moreover, when the sample 1 was subjected to the same thermal 

20 processing as in Working Example 1 (nitrogen atmosphere, 200°C, 10 
minutes), the resulting short-circuit current was 35.1 mA/cm^, the release 
voltage was 0.594 V, the fill factor was 0.668, and the conversion efficiency 
was 13.9%, exhibiting a further improvement in electricity generating 
properties. It was thus clear that the energy conversion efficiency of the 

25 solar cell could be further improved by thermal processing. 

In the present working example a case was shown ia which the layer 
A included Ca, but the same results can be achieved when it includes Sr, Ba, 
Al, In, or Ga, for example. 

30 Working Example 3 

A solar cell such as that shown in FIG. 2 was fabricated in the same 
manner as in Working Example 2. As regards fabrication of the solar cell, 
thermal processing was performed in the same way as in Working Example 2. 
However, seven dififerent samples (samples 2 to 8) with varying Ca content in 

35 the layer A 15 were prepared. The Ca content in the layer A 15 of each of the 
samples, in order from sample 2, was set to 0 atom percent, 0.01 atom percent, 
0.1 atom percent, 1 atom percent, 5 atom percent, 10 atom percent, and 20 
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atom percent. That is, if the layer A 15 is e3q)ressed in terms of a 
Zno.gMgo.iCayO film, then the value of y, in order firom sample 2, is 0, 0.0001, 
0.001, 0.01, 0.05, 0.1, and 0.2. It should be noted that the Ca content of the 
layer A was changed by adjusting the proportion of Ca included in the MgO 
5 target. Also, the Ca content was found by ICP (inductively coupled plasma) 
emission spectrometry. 

The electricity generating properties of the seven samples fabricated 
in this manner were assessed in the same way as in Working Example 2. 
The results are tabulated in Table 1. 
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Table 1 



Ca Content 
(atom %) 


Short- Circviit 
Current 
(mA/cm2) 


Release 
Voltage 
(V) 


Fill Factor 


Conversion 
Efficiency 
(%) 


0 


20.3 


0.47 


0.189 


1.8 


0.01 


30.1 


0.55 


0.553 


9.2 


0.1 


35.1 


0.61 


0.676 


14.6 


1 


34.6 


0.60 


0.656 


13.7 


5 


28.4 


0.47 


0.334 


4.5 


10 


23.4 


0.48 


0.231 


2.6 


20 


22.6 


0.49 


0.199 


2.2 



As shown in Table 1, it is dear that having the layer A include about 
0.01 atom percent Ca allows the energy conversion efficiency to be improved 
15 compared to that of the comparative example shown in Working Example 2. 
This result can be achieved even if the layer A includes about 20 atom percent 
Ca, and the greatest increase in energy conversion efficiency residted when 
the Ca content was 5 atom percent or less, and particularly when it was 1 
atom percent or less. 

20 As discussed above, with the present invention it is possible to 

provide a solar cell, and a method for manufacturing the same, that includes 
a layer including Zn, Mg, and O and with which greater efficiency than in 
conventional solar cells can be achieved. In particular, with the preset 
invention it is possible to provide a CIS or CIGS solar ceU with which greater 

25 efficiency can be achieved. 

The invention may be embodied in other forms without departing 
firom the spirit or essential characteristics thereof. The embodiments 
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disclosed in this application are to be considered in aU respects as iLLustrative 
and not limitin g The scope of the invention is indicated by the appended 
claims rather than by the foregoing description, and all changes which come 
within the meaning and range of eqxiivalency of the claims are intended to be 
5 embraced therein. 
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